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Description 

[0001] This invention relates to the prevention of 
reverse engineering of integrated circuits (ICs), and 
more particularly to security techniques in which inter- 
connections between circuit elements are made unde- 
tectable. 

[0002] Several techniques have been used to reverse 
engineer ICs. Electron (e)-beam probing with a scan- 
ning electron microscope (SEM), either through SEM 
photographs or voltage contrast analysis, is the stand- 
ard reverse engineering mechanism, although second- 
ary ion mass spectrometry (SIMS), spreading 
resistance analysis and various other techniques have 
also been used. A general description of e-beam prob- 
ing is provided in Lee. "Engineering a Device for Elec- 
tron-beam Probing". IEEE Design & Test of Computers. 
1989. pages 36-49. 

[0003] Numerous ways to frustrate unwanted attempts 
to reverse engineer an IC have also been developed. 
For example, in Patent No. 4,766,516 to Ozdemir et al. 
(assigned to Hughes Aircraft Company, the assignee of 
the present invention), additional circuit elements that 
do not contribute toward the desired circuit function are 
added to an IC. and disguised with the visible appear- 
ance of being an ordinary part of the IC. The elements 
have physical modifications that are not readily visible 
but cause them to function in a different manner, inhibit- 
ing the proper functioning of the IC in case of an 
attempted copying or other unauthorized use. When the 
apparent function rather than the actual function of the 
disguised elements are copied, the resulting circuit will 
not operate property. 

[0004] In Patent No. 4,583.01 1 to Pechar a pseudo- 
MOS (metal oxide semiconductor) device is given a 
depletion implant that is not readily visible to a copier, 
who would infer from the device's location in the circuit 
that it would be enhancement-mode. A somewhat 
related approach is taken in French patent publication 
no. 2 486 717 by Bassett et al., published January 15, 
1982; the circuit doping is controlled so that some 
devices which appear to be transistors actually function 
as either open or short circuits. And in Patent No. 
4,603,381 to Guttag the memory of a central processing 
unit is programmed by the doping of its channel regions, 
rather than by the presence or absence of gates, to pro- 
tect permanently programmed software. 
[0005] Instead of disguising circuit elements, some 
systems have a mechanism to protect the circuit from 
operating until a correct access code has been entered. 
Such systems are described in Patent Nos. 4.139,864 
to Schulman and 4.267.578 to Vetter. 
[0006] Each of the above protection schemes requires 
additional processing and/or uses additional circuitry 
that is dedicated to security and does not contribute to 
the basic functioning of the circuit This increases the 
cost of circuit production and complicates the circuitry. 
[0007] From document US-A-5 138 1 97 which corre- 



sponds to JP-A-4 028 092. a NAND system address 
decoder is known which is not particularly disclosed as 
being secure against reverse engineering. The NAND 
circuit comprises four MISFET transistors two of which 

5 being respectively coupled by common drain regions. 
Furthermore, the drain region of one pair of transistors 
is coupled to an output via a jumper wire. 
[0008] From document US-A-4 291 391 . a RAM array 
is Known which uses MOS transistors as the memory 

io cells. The anay is formed such that adjacent memory 
cells share a common source region. 
[0009] Another compact cell design for a static RAM 
is known from WO 92/02042. Two pulldown transistors 
share a common source region which extends to a 

15 ground line. The ground line is typically doped by diffu- 
sion to a resistance of approximately 50 Ohms/square. 
The documents US-A-5 138 197. US-A-4 291 391 and 
WO 92/02042 are not concerned with providing a secu- 
rity against reverse engineering. 

20 [0010] The present invention seeks to provide a 
method of fabricating an integrated circuit and such a 
circuit that is protected against IC reverse engineering, 
that is very difficult to detect, can be implemented with- 
out any additional fabrication steps and is compatible 

25 with computer aided design (CAD) systems that allow 
many different kinds of logic circuits to be constructed 
with ease. The invention further seeks to provide a cor- 
responding CAD system. These objects are achieved 
by the method, the circuit and the system of claims 1 , 7 

so and 8. respectively. 

[001 1] In general, a logic gate is formed in a semicon- 
ductor substrate in accordance with the invention by 
forming doped regions in the substrate of like conductiv- 
ity, and interconnecting at least some of the like conduc- 

35 tivrty regions by similarly doping interconnect portions of 
the substrate that run between such regions. The inter- 
connects and the regions they connect are preferably 
doped simultaneously through a common dopant 
implantation mask to similar dopant concentrations. 

40 resulting in an integral structure for the doped regions 
and their interconnects. Metallized interconnects are 
provided as needed between p- and n- doped regions, 
and metallic microbridges can be used to span strips of 
polycrystailine gate material that interrupt an intercon- 

45 nect circuit A metallized interconnect can also be 
formed above the substrate to further mask a doped 
interconnect from observation. 

[0012] Although doped implants are generally not as 
highly conductive as metallized interconnects, their 

so resistance is low enough to serve an interconnect func- 
tion at very large scale integration (VLSI) dimensions. 
Because the implanted connections are not visible to 
SEM or optical viewing technique, the purpose or func- 
tion of the logic gates cannot be deduced, thus making 

55 the circuit very difficult to reverse engineer. Many differ- 
ent circuit designs that use the security technique can 
be stored in a CAD library and readily recalled for use 
as desired. 
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[001 3] Further features and advantages of the inven- 
tion will be apparent to those skilled in the art from the 
following detailed description, taken together with the 
accompanying drawings. 

FIGs. 1a and 1b are respectively a schematic dia- 
gram and a plan view of a NAND gate in accord- 
ance with the invention; 

FIGs. 2a and 2b are respectively a schematic dia- 
gram and a plan view of a NOR gate in accordance 
with the invention; 

FIGs. 3a and 3b are sectional views taken along 
section lines 3a-3a and 3b-3b of FIG. 1b that illus- 
trate the simultaneous formation of transistor 
source/drain regions and implanted interconnects 
therebetween with a common implant process and 
common masks for n-channel and p-channel tran- 
sistors, respectively; 

FIG. 4 is a sectional view taken along section line 
404 in FIG. 2b of interconnected source/drain 
regions in accordance with the invention, with the 
implanted interconnect shaded by an upper metalli- 
zation layer; 

FIG. 5 is a simplified plan view of a logic gate that 
uses metallized microbridges to span poly crystal- 
line gate layers in accordance with the invention; 
and 

FIG. 6 is a sectional view of a microbridge span. 

[0014] An important aspect of this invention is that it 
does not rely upon any modifications or additions to the 
functioning of the circuitry that is to be protected from 
reverse engineering, nor does it require any additional 
processing steps or equipment Instead, a highly effec- 
tive deterrent to reverse engineering is accomplished in 
a streamlined manner that adds neither cost time nor 
complexity to the basic circuitry. 
[001 5] Implementations of the invention in the form of 
NAND and NOR gates will first be described. Using 
such gates as building blocks, many different types of 
logic circuitry can be designed. A distinct advantage of 
the invention is that different types of logic circuits may 
be made to look alike, thus confusing a potential reverse 
engineer. 

[0016] FIG. 1a is a schematic diagram of a conven- 
tional two-input NAND gate circuit, with a pair of p-chan- 
nel transistors 2, 4 connected in parallel between a 
positive voltage terminal 6 and an output terminal 8. and 
a pair of n-channel transistors 10, 12 connected in 
series between a negative voltage terminal 14 and the 
output terminal 8. Input terminals 16 and 18 for the 
inputs designated A and B are connected to respective 
p-channel/n-channe! transistor pairs. 
[0017] An implementation of this basic logic gate in 
accordance with the invention is shown in FIG. 1b The 
sources, drains and gates of each of the transistors are 
indicated by the same transistor numbers as in FIG. 1 , 
followed by S. D or G. respectively. The transistor 
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sources and drains (the designation of an element as a 
source or drain is somewhat arbitrary) are fabricated in 
a conventional manner by implanting dopant ions into 
the circuit substrate. The p+ sources and drains of the 

5 p-channel devices 2 and 4 are typically doped with a 
boron ion implant at a density of about 4x10 15 ion/cm 2 , 
and an implantation energy of about 30 keV. The re- 
source and drain regions of the n-channel transistors 10 
and 12 are typically doped in accordance with industry 

io standards with arsenic ions at a density of about 
SxlO^/cm 2 , and an implant energy of about 150 keV. 
Either a masked ion flood beam or a focused ion beam 
may be used; doping by older gaseous diffusion tech- 
niques may also be employed. 

is [0018] Rather than connecting the transistor regions 
of like conductivity with metallized interconnects in the 
conventional fashion, such connections are made by 
means of doping implants into the substrate between 
the desired sources and drains. Three such intercon- 

20 nections 20, 22 and 24 are shown between sources 2S 
and 4S, drains 2D and 4D and drain 10D-source 12S, 
respectively. The implant interconnections are prefera- 
bly established simultaneously with the source and 
drain implants by providing appropriate openings in the 

25 implantation mask (if flood beam implantation is 
employed), or by extending the scanning area of a 
focused ion beam. As an alternate to implantation a 
conventional gaseous diffusion process could be 
employed to establish the doping, but this is less prefer- 
so able than implantation. By using the same source/drain 
fabrication step to also fabricate the implanted intercon- 
nections, the interconnections have the same dopant 
concentration as the sources and drains and are formed 
integrally therewith. 

35 [0019] The remainder of the gate circuit is fabricated 
in a conventional manner. The polysilicon gates 
(assuming a silicon substrate is used) can be formed 
either before or after the source and drain and intercon- 
nect implants, while metallised connectors 26, 28 and 

40 30 are run over intervening insulating layers to provide 
external connections to the Vdd terminal 6, Vss terminal 
14 and output terminal 8. 

[0020] FIG. 2a is a schematic diagram of a conven- 
tional NOR gate, while FIG. 2b illustrates its implemen- 

45 tation in accordance with the invention. It uses the same 
transistor layout as the NAND gate of FIGs. 1a and 1b. 
but the implanted interconnects between the transistors 
of like conductivity is reversed. Specifically, p-channel 
transistors 2 and 4 are connected in series between 

so positive voltage terminal 6 and output terminal 8 by a p- 
doped implant 32 that runs between drain 4D of transis- 
tor 4 and source 2S of transistor 2; the n-channel tran- 
sistors 10 and 12 are connected in parallel between 
negative voltage terminal 1 4 and output terminal 8 by n- 

55 doped implant interconnects 34 and 36 between the 
sources and gates of transistors 10 and 12, respec- 
tively. 

[0021] FIGs. 3a and 3b are sectional views taken 
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along the section lines 3a-3a and 3b-3b of FIG. 1b. 
respectively, illustrating the fabrication of the source, 
drain and interconnection implants, but excluding the 
polysilicon and metallization layers. The devices are 
formed in a semiconductor substrate 38 that for illustra- s 
tive purposes is silicon, but may also be GaAs or some 
other desired semiconductor material. The circuit fabri- 
cation can be accomplished with a conventional proc- 
ess, such as that described in Frederiksen, Intuitive 
CMOS Electronics. McGraw-Hill Publishing Co., 1989, w 
pages 1 34-1 45; it is a distinct advantage of the invention 
that it does not require any special processing to imple- 
ment. 

[0022] In a typical CMOS process, a protective oxide 
layer about 250 Angstroms thick is first laid down over is 
the semi-conductor substrate 38. A well is then 
implanted through openings in the oxide layer for each 
FET whose source and drain is of the same conductivity 
type as the substrate doping. With substrate 38 illus- 
trated as having an n- doping, a somewhat more heavily 20 
doped p-well 40 would be implanted about 3 microns 
deep for the n-channel devices (FIG. 3a). The wells are 
then subjected to a long, high temperature anneal, typi- 
cally at about 1,150° C for about 10 hours. 
[0023] The next step is the FET source and drain 25 
implants. For the n-channel devices an oxide mask 42 is 
laid down over the substrate with openings at the 
desired locations for the sources and drains of the n- 
channel devices. In the case of two n-channel FETs 10 
and 1 2 that are to be interconnected by means of a ion 30 
implantation in accordance with the invention, a single 
continuous mask opening 44 is provided for the drain 
10D of FET 10, the source 12S of FET 12, and the inter- 
connection implant 24 that runs between them. The 
implantation is then formed, preferably with a flood 35 
beam indicated by numeral 46, of suitable n-dopant ions 
such as arsenic. 

[0024] As in conventional processing, a separate 
implant mask 48 is provided for the p-channel devices 
(FIG. 3b). A single continuous opening 50 is provided in <o 
the mask for each interconnection implant and the tran- 
sistor elements which they connect; these are illustrated 
as p-channel FET sources 2S and 4S and interconnect 
implant 20. Implantation is preferably performed with a 
flood beam, indicated by numeral 52, of a suitable p- <s 
type dopant such as boron. 

[0025] The implantation can be performed exactly the 
same as in prior unsecured processes, the only differ- 
ence being that the implant is now done through a larger 
opening in each mask that includes the implanted inter- so 
connection as well as the FET sources and drains. No 
differences in processing time or techniques are 
required, and the operator need not even know that the 
mask provides for circuit security. The circuits are then 
completed in a conventional manner, with threshold ss 
implants made into the FET channels to set the transis- 
tor characteristics. A field oxide is laid down as usual, 
but it also defines active areas which encompass 



"actual" as well as "possible" interconnect regions. Oth- 
erwise, the interconnect paths would be apparent Poly- 
silicon is then deposited and doped either by diffusion or 
ion implantation to form the channels and the intercon- 
nects. A dielectric is then deposited and metallization 
layers added to establish inputs, outputs and bias sig- 
nals. Finally an overglass coating is laid down over the 
entire chip. 

[0026] The implant interconnections have been dem- 
onstrated to be virtually invisible to SEM scanning in a 
secondary electron mode. They are also believed to be 
invisible to a voltage contrast SEM analysis. However, to 
guard against the possibility of their being detected 
through voltage contrast, the upper metallization can be 
designed to mask the implants. Thus, voltage contrast 
analysis of the interconnect implantations cannot be 
performed until the upper metallization layers are 
stripped away to expose the implants, but if the upper 
metallization is removed the voltage contrast analysis 
cannot be performed because there is no longer a 
mechanism for applying a voltage to the implant; the 
metallization that must be removed to expose the 
implants provided this function. Such a structure is illus- 
trated in FIG. 4, which shows a sectional view of FET 
drains 10D and 12D and their interconnect implant 36 
from FIG. 2b, after the circuit fabrication has been com- 
pleted. The structure employs a p-well process; a corre- 
sponding structure would result from an n-well process. 
Afield oxide layer 54 insulates the FETs from adjacent 
devices, while the contact 1 4 to FET drain 12D is made 
from metallization layer 28 through an opening in an 
oxide insulating layer 56. Several metallization layers 
separated by oxide layers are normally provided, 
although for simplicity only one metallization layer 28 is 
illustrated. This layer 28 is topped by a final oxide layer 
58, and then a thicker overglass coating 60 of Si0 2 that 
extends over the entire chip and is lightly doped so as to 
prevent the buildup of a static charge. 
[0027] While the implanted interconnections 

described thus far can successfully connect different 
FETs, having them pass under strips of polysilicon that 
extend along the substrate surface should be avoided. 
This is because the polysilicon is biased to function as a 
gate, and when crossing over an implanted interconnec- 
tion would in effect establish a transistor at that location. 
To avoid this, metal microbridges can be used to span 
polysilicon strips. Microbridges are known elements that 
are described, for example, in U.S. Patent Nos. 
4,239,312 and 4,275,410, assigned to Hughes Aircraft 
Company. 

[0028] FIG. 5 illustrates a three-input NAND gate that 
uses this approach; metallized connectors that are 
added at a later stage in the fabrication are not shown. 
The gate includes three p-channel FETs 62a, 62b and 
62c. and three n-channel FETs 64a. 64b and 64c. Com- 
mon polysilicon gate strips 66a, 66b and 66c are pro- 
vided for transistor pairs 62a. 64a; 62b, 64b; and 62c, 
64c. respectively. The polysilicon strips extend over the 
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substrate surface between their respective FETs, as 
well as over the FET channels. To connect the upper 
FETs 62a-62c in parallel, their drains are electrically 
tied together by an interconnecting implant 60 in 
accordance with the invention. However, a correspond- 
ing interconnection cannot be made between their 
sources, since it would have to cross the polysilicon 
gate strip 66b and 66c. To overcome this, the FET 
sources are extended by implant interconnects to loca- 
tions adjacent to the polysilicon strips 66b and 66c. and 
these extensions are then interconnected by means of 
microbridges 68b and 68c that span strips 66b and 66c, 
respectively. An additional microbridge 68a is shown 
spanning polysilicon strip 66a between the FET 62a 
source extension and an island 70 that is implanted into 
the substrate along with the FET sources, drains and 
interconnects. This bridge can either serve a dummy 
purpose to confuse a reverse engineer, or island 70 can 
provide a contact point to receive a signal from an upper 
metallization for transmission to the sources of FETs 
62a-62c. 

[0029] The lower FETs 64a-64c can be connected in 
series directly with implanted interconnects 72a and 
72b between the source of FET 64a and the drain of 
FET 64b, and the source of 64b and drain of 64c, since 
there are no polysilicon strips in the paths of these con- 
nections. However, an implanted source extension of 
FET 64c is shown connected to an implant island 74a 
above the drain of FET 64a via a series of implanted 
islands 74b and 74c and microbridges 76a, 76b and 76c 
that span polysilicon strips 64a, 64b and 64c, respec- 
tively. These microbridges can also either serve a 
dummy purpose, or be used to transmit a signal 
between a metallized connection to island 74a and the 
drain of FET 64c. 

[0030] FIG. 6 is a simplified sectional view of micro- 
bridge 68a and its interconnection with the circuitry. One 
leg of the microbridge contacts the upper surface of p- 
doped implant island 70, while the opposite leg contacts 
the p-doped implant interconnection between FETs 62a 
and 62b. The center portion of the microbridge spans 
the polysilicon strip 66a, with an insulating dielectric 78 
between the two elements. 

[0031] By replacing metal interconnects with 
implanted interconnections that are not visible to SEM 
or optical viewing techniques, the purpose or function of 
the protected circuits cannot be deduced by a reverse 
engineer. Furthermore, it will be difficult for the reverse 
engineer to determine when the circuits are covertly 
connected by etching all metal, oxide and nitride layers 
deposited later in the fabrication process, because with 
the dimensions employed for modern VLSI circuits nor- 
mal dying, ion milling, ion spectroscopy and SIMS tech- 
niques do not have the required sensitivity. 
[0032] The secure NAND and NOR gates described 
herein and other types of logic gates can form the build- 
ing blocks for many complicated logic sequences, which 
would therefore be virtually impossible to reverse engi- 



neer. Although a spread ng resistance reverse engi- 
neering analysis might still theoretically be possible, 
with a small probe measuring the circuit's resistivity over 
a very small volume and stepped progressively across 

5 the surface, in practice this would also not work. The 
upper layers would have to be stripped away to analyze 
the implanted interconnects with the spreading resist- 
ance technique, but in so doing the positional registra- 
tion of the implanted areas with respect to the stripped 

io metallization would be lost Furthermore, spreading 
resistance analysis is a mechanical process that is 
much slower than SEM analysis. The reverse engineer 
would still be able to see the transistors, but not the con- 
nections between them. 

is [0033] Since the only required change in the fabrica- 
tion process is for a modification in the openings of the 
ion implantation masks, a new set of standard masks 
with the modified openings could be provided and used 
as standard elements of the circuit design process. This 

20 makes the invention particular suitable to CAD systems, 
with the designer simply selecting a desired secured 
logic gate design from a library of such gates. 
[0034] While several illustrative embodiments of the 
invention have been shown and described, numerous 

25 variations and alternate embodiments will occur to 
those skilled in the art. Such variations and alternate 
embodiments are contemplated, and can be made with- 
out departing from the spirit and scope of the invention 
as defined in the appended claims. 

30 

Claims 

1. A method of fabricating an integrated circuit (IC). 
comprising: 

35 

providing a semiconductor substrate (38); 
forming circuit elements (2, 4, 10, 12; 62, 64) 
with doped regions (2S, 2D, 4S, 4D, 10S. 10D, 
12S, 12D; 62a. 62b, 62c. 64a. 64b, 64c) that 

40 have a like conductivity by introducing dopant 

ions (46; 52) into the circuit substrate (38); and 
establishing interconnections (20. 22. 24; 32, 
34, 36; 60, 72, 74) by introducing dopants into 
said substrate (38) between at least two of said 

45 circuit elements (2. 4. 10. 12; 62. 64) that have 

a like conductivity, 

characterized in that said step of establishing 
interconnections is made substantially simulta- 
neously with said step of introducing dopant 
so ions (46; 52) into the circuit substrate (38) to 

form said circuit elements (2, 4, 10. 12; 62. 64), 
thereby making the integrated circuit (IC) 
secure against reverse engineering. 

55 2. "The method of claim 1. characterized by laying 
down a field oxide (54), said field oxide (54) defining 
active areas which encompass actual as well as 
possible interconnect regions. 
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3. The method of claim 2 or 3. characterized in that 
sad steps of forming circuit elements (2, 4, 10, 12; 
62, 64) and establishing interconnections (20, 22. 
24; 32, 34, 36; 60. 72, 74) use an implantation mask 
with a single continuous mask opening (44, 50). 5 

4. The method of any of claims 1 to 3, characterized in 
that a metallized interconnect (26, 28) is formed 
above said substrate (38) to mask a doped inter- 
connect from observation. 10 

5. The method of any of claims 1 to 4, characterized in 
that said steps of forming and establishing are per- 
formed by implantation. 

15 

6. The method of any of claims 1 to 4, characterized in 
that said steps of forming and establishing are per- 
formed by gaseous diffusion. 

7. An integrated circuit (IC) fabricated by a process 20 
comprising the steps of: 

forming IC elements (2, 4, 10, 12; 62, 64) in a 
semiconductor substrate (38) with doped 
regions (2S, 2D, 4S. 4D, 10S, 10D, 12S, 12D; 25 
62a, 62b, 62c, 64a, 64b, 64c) that have a like 
conductivity, and 

interconnecting at least some of said like con- 
ductivity doped regions (2S, 2D, 4S, 4D, 10S, 
10D, 12S, 12D; 62a, 62b, 62c, 64a, 64b, 64c) 30 
by doping interconnect portions (20, 22, 24; 32, 
34, 36; 60. 72, 74) of said substrate (38) 
between said regions (2S, 2D. 4S, 4D, 10S, 
10D, 12S, 12D; 62a. 62b, 62c. 64a, 64b. 64c) to 
a like conductivity with said regions (2S, 2D, 35 
4S, 4D, 10S, 10D, 12S, 12D; 62a, 62b, 62c. 
64a, 64b, 64c); 

characterized in that said interconnect portions 
(20, 22, 24; 32. 34, 36; 60, 72, 74) are formed 
substantially simultaneously with said IC ele- 40 
merits (2, 4, 10, 12; 62, 64) so as to have sub- 
stantially the same dopant concentrations as 
said IC elements (2, 4. 10. 12; 62. 64). thereby 
making the integrated circuit (IC) secure 
against reverse engineering. 45 

8. A CAD system for designing an integrated circuit 
(IC). comprising a library of logic gates which can 
be selected by a designer as building blocks for a 
circuitry to be designed and fabricated, so 

said logic gates having doped IC elements (2, 
4. 10, 12; 62. 64) and an interconnect (20, 22. 
24; 32. 34, 36; 60, 72, 74) for at least one of 
said elements (2, 4, 10, 12; 62, 64), wherein 55 
said interconnect (20, 22. 24; 32, 34. 36; 60. 
72, 74) comprises a dopant implant (20, 22, 24; 
32, 34. 36; 60, 72, 74) in a substrate (38) of like 



conductivity to said element (2, 4, 10, 12; 62. 
64), and provides an electrical signal path to 
interconnect said element (2. 4, 10, 12; 62, 64) 
with another portion of the IC, 
characterized in that 

said library provides at least two logic gates of 
different type, said two logic gates have the 
same transistor layout so that said two logic 
gates look alike to a reverse engineer, but said 
dopant implants (20. 22. 24; 32, 34, 36; 60, 72. 
74) are different so as to achieve the different 
type of logic function. 

9. The CAD system of claim 8. characterized in that 
said logic gates comprise a field oxide layer (54), 
which defines active areas which encompass 
actual as well as possible interconnects so that said 
dopant implants (20, 22, 24; 32, 34. 36; 60. 72. 74) 
are substantially not discernible by reverse engi- 
neering techniques. 

10- The CAD system of claim 8 or 9, characterized in 
that said logic gates are formed in said substrate 
with doped regions (2S, 2D, 4S. 4D. 10S, 10D. 12S, 
12D; 62a, 62b, 62c, 64a. 64b. 64c) of like conductiv- 
ity, and said dopant implant (20, 22, 24; 32, 34. 36; 
60. 72, 74) in said substrate (38) is of like conduc- 
tivity to said doped regions (2S, 2D, 4S. 4D, 10S, 
10D, 12S, 12D; 62a, 62b. 62c, 64a, 64b, 64c) and 
electrically interconnects said regions (2S, 2D, 4S, 
4D, 10S, 10D. 12S. 12D; 62a, 62b, 62c, 64a, 64b, 
64c). 

11. The CAD system of claim 10. characterized in that 
said doped regions (2S, 2D. 4S, 4D, 10S. 10D. 12S. 
12D; 62a. 62b. 62c, 64a. 64b. 64c) and intercon- 
nect implant (20. 22. 24; 32. 34, 36; 60, 72. 74) 
have equal dopant concentrations. 

12. The CAD system of claim 11, characterized in that 
said doped regions (2S, 2D, 4S, 4D, 10S, 10D, 12S, 
12D; 62a, 62b, 62c. 64a. 64b, 64c) are integral with 
said interconnect implant (20, 22. 24; 32, 34, 36; 
60, 72, 74). 
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